IntroductIon
red blood per rectum, 25% with a rectal mass, 10% with iron deficiency anemia, and 4% with abdominal pain [12] . Rectal cancers located low in the rectum can cause a sensation of incomplete bowel evacuation, rectal pain and tenesmus.
The role of the rectal examination
Rectal cancers can be missed by both rectal examination and endoscopy, if not properly performed. Hence a thorough physical examination, including a digital rectal examination (DRE), should be performed for all cases. The examiner should first inspect for any visible external lesions on the perianal skin including external hemorrhoids. Baseline sphincter function should be assessed and documented. The examiner should note the superior-inferior extent, circumferential involvement, and distance from the anal verge of any palpable masses. The examiner should also note whether the mass appears fixed to the sphincter muscles, pelvic sidewall, or adjacent pelvic organs. A vaginal exam may be necessary to assess anterior invasion in women. Mid-to high-rectal tumors may not be palpable on DRE depending on the dimensions of the examiner's finger, but when possible, careful documentation of the tumor on DRE at baseline is important for initial treatment planning as well as subsequently evaluating the response to neoadjuvant therapy, when administered.
Endoscopic diagnosis
Rectal cancers are defined endoscopically by occurrence distal to the most proximal of the three rectal folds (Fig. 1) . Careful endoscopic evaluation is paramount for both establishing the diagnosis as well as planning eventual treatment. First and foremost, gastroenterologists have a key role in diagnosing rectal cancers and avoiding missing lesions. Adequate bowel preparation and careful mucosal visualization are essential to avoid missing flat lesions. It is important to carefully inspect both sides of folds. Retroflexion should be performed to avoid missing low-lying rectal cancers occurring just above the dentate line.
Because the decision to pursue a neoadjuvant treatment strategy partially hinges on the endoscopically determined location of the tumor, accurate reporting is necessary at the time of initial diagnostic endoscopy. These include above all, measured distance from the dentate line or anal verge, and in some cases with circumferential lesions, qualitative suspicion of risk for imminent obstruction. Patients with obstructing or near-obstructing tumors should be considered for surgical diversion prior to neoadjuvant therapy for symptom management while not compromising ultimate oncologic outcomes [13] .
Rigid proctosigmoidoscopy is recommended for accurate measurement of the tumor with respect to the anal verge [14] . One study showed colonoscopic reported localization of rectal tumors to be inaccurate in approximately 25% of patients, [15] which can impact clinical decision making and potential treatment options [16] . Most commonly, measurements of the tumor's location with respect to the anal verge are overestimated with colonoscopy when dealing with mid-to high-rectal tumors. This can lead to erroneous surgical planning as well as neoadjuvant treatment recommendations.
To facilitate surgical planning, tattooing the lesion (usually the distal extent) may be helpful particularly as rates of complete response after preoperative treatment improve [17] .
Obtaining tissue diagnosis
When obtaining a biopsy of a rectal mass, it is important to obtain sufficient tissue not only to establish the diagnosis, but also potentially to perform mutational analyses that can help guide future targeted therapy. While different Next Generation Sequencing assays require variable amounts of viable malignant cells, to enhance reliability and precision, enough of the tumor needs to be sampled to represent its entirety [18] . As such, at least five to six biopsies should be taken from the center and the margin of a lesion even with a classically appearing carcinoma on endoscopy. If biopsies are only taken from the outer periphery, it can miss the invasive component and only show the noninvasive adenomatous characteristics. If biopsies are only taken from the center, it may only show necrotic tissue without any definitive neoplastic cells [19] . Limited specimens also do not provide adequate tissue for specialized testing such as for Lynch Syndrome screening and for assessment of other molecular markers.
Biopsy interpretation
Careful analysis of the biopsy specimen is essential to establishing the diagnosis. The interpreting pathologist must confirm malignancy while excluding other entities from the differential diagnosis such as premalignant lesions, scarring diverticulitis, and solitary rectal ulcers with hyperplasia occurring due to prolapse. Squamous cell carcinoma of the anal canal can also invade proximally into the distal rectum, and metastatic disease from other types of adenocarcinomas (such as gastric or breast) should be considered. A malignant rectal lesion, by definition, invades through the muscularis mucosae. Typical invasive adenocarcinoma is the most common type of rectal cancer and can be identified by epithelial columnar cells arranged into glandular patterns. The prognostic markers, include grade of tumor, which is reported as well differentiated (>95% glandular structures), moderately differentiated (50-95% glandular structures), poorly 
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Rectal cancer in 2018: A Primer for the Gastroenterologist differentiated (5-50% glandular structures), and undifferentiated (<5% glandular structures). The presence of mucin or signet ring cells is noted as is any observed tumor invasion into blood or lymphatic vessels [18] .
Further workup and staging
Workup by the gastroenterologist. After the primary tumor is identified and thoroughly documented by endoscopy and even while the diagnosis of rectal cancer is being confirmed by biopsy, the staging workup should be initiated. The European Society for Medical Oncology (ESMO) and National Comprehensive Cancer Network (NCCN) guidelines both recommend a complete blood count, renal and liver function tests, carcinoembryonic antigen (CEA), and contrast-enhanced CT scan of the chest and abdomen for complete staging. It is important to note that even in the setting of metastatic disease to the lungs and/or liver, the initial diagnostician should still refer on for complete staging and multidisciplinary review, as the sequencing of treatment and possibility of curative intent interventions requires careful team based consensus and is possible with limited metastatic disease ( Fig. 2 
PATHWAY DIAGRAM).
Referrals: to whom and when?. After the diagnosis has been established and the initial staging workup has been performed, the next referral is to a colorectal surgeon for further workup and management. In the setting of metastatic disease outside the pelvis, the first referral can instead be to a medical oncologist if the patient does not have any symptoms concerning for current or impending obstruction. For disease that appears localized on initial workup, the treating surgeon will order subsequent studies for further staging and treatment planning.
Preoperative clinical staging aims to describe the primary tumor (T-stage), nodal status (N-stage) and systemic status (M-stage). Per the 8th edition of the American Joint Commission on Cancer (AJCC), T-stage depends on the extent of tumor invasion through the rectal wall: T1 invades submucosa, T2 invades muscularis propria, T3 invades perirectal tissues, T4 invades through the peritoneum or directly invades or adheres to adjacent organs. N-stage depends on the number of involved nodes: N1 involves 1-3 nodes and N2 involves more than 3 nodes. M-stage depends on the presence or absence of distant metastases: M1 with confirmed distant disease and M0 without [20] .
Although pelvic magnetic resonance imaging (MRI) and endorectal ultrasound (ERUS) can both be used to determine the T-stage of a rectal cancer by examining the extent of invasion through the rectal wall, as well as potentially involved lymph nodes, MRI has become the preferred strategy per the NCCN guidelines [21] . In some centers MRI and ERUS are used as complementary modalities in staging. As the use of endorectal coils and enhanced contrast agents becomes more widespread, MRI's advantages emerge. Although ERUS has been reported in some studies to have equal accuracy as MRI in evaluating perirectal lymph nodes and superior accuracy in evaluating local tumor penetration, it is highly operator-dependent [22, 23] . Importantly, MRI provides valuable information to predict risk of positive circumferential resection margins [24] at the time of surgery, which has important prognostic value. [25] However, in the setting of a higher likelihood of positive nodal disease, MRI may overstage as it relies on size and signal intensity to describe nodal disease whereas ERUS can determine echogenicity and allow for diagnostic sampling if necessary (Fig. 3) .
Treatment of rectal cancer
Differences between Rectal and Colon Cancers. Similar to colon cancers, the vast majority of rectal cancers are adenocarcinomas and develop from a normal mucosa to adenoma to carcinoma in a sequence previously described by Vogelstein and others [26, 27] . Despite a similar sequence to invasion, rectal cancers differ from colon cancers in their risk for local recurrence, survival and management due to differing embryologic etiology, lymphovascular drainage basin, and molecular mutational burden even between sigmoid colon and rectum [28, 29] .
Though the primary modality for curative intent treatment of all CRCs is a high-quality oncologic surgical resection, recommendations for adjunct therapies are dictated by patterns of failure after definitive surgical management. The patterns of failure are highly dependent on the location of the tumor with respect to the peritoneal reflection in the pelvis. Colon cancers, defined by their location above the peritoneal reflection, proximal to the third rectal fold intraluminally and/or approximately 12-15 cm above the anal verge, have a high incidence of distant failure within the abdominal cavity due to the proximity of the colonic wall to the peritoneal surface [30, 31] .
In contrast, for rectal cancers-which are located below the peritoneal reflection-approximately 50-60% of recurrences occur locally in the pelvis [32] [33] [34] . As local recurrences are difficult to salvage, [35, 36] escalating upfront (or neoadjuvant, i.e., prior to surgery) local therapy is the standard of care in the form of neoadjuvant chemoradiation (CRT) for patients with T3, T4 or nodepositive rectal cancer 21 . For colon cancers, adjuvant chemotherapy after curative intent surgery, is recommended for any node-positive, T4N0 or high-risk T3N0 disease, while radiation therapy (RT) is only considered for T4 disease that penetrates a fixed structure [37] .
Surgical principles. Since the 1990s, it has been universally accepted that in conjunction with radiation, curative intent rectal surgery with a total mesorectal excision (TME) is standard of care reducing postoperative morbidity and local recurrence and enhancing long-term survival [38, 39] . A completely intact mesorectal fascial envelope macroscopically (Fig. 4) and pathologically, portends a lower risk of local recurrence than an incomplete or non-intact excision [40] . Negative margins are associated with lower risk of recurrence. There is also a decrease in recurrence risk when surgery is performed in high-volume centers, and by high volume surgical teams demonstrating adherence to comprehensive multidisciplinary imaging, surgical and pathologic indicators [41] .
Depending on the tumor's location, this may include a sphincter preserving operation such as a low anterior resection with either colo-anal or colo-rectal anastomosis (restorative procedure) or with permanent end colostomy (Hartmann procedure), or an With advances in transanal endoscopic microsurgery (TEM), select patients may be considered for this as an option. When evaluating surgical approaches, issues regarding future long-term ostomy care, quality of life, length of residual bowel, genitourinary, and sexual function are key elements of a patient centered surgical decision making. Various rectal cancer decision aids can be used [42] . Primary factors driving choice between an APR versus a restorative procedure are discussed in conjunction with patients while recognizing the location of the lesion. Avoiding a permanent colostomy depends on distance of tumor from the anal verge which influences the ability to attain a negative margin and discussion of the added risks of restorative procedures such as anastomotic leaks and the potential need for a temporary ileostomy. All of this has to be factored in with recognizing realistic functional outcomes with regards to the potential for long term altered bowel functioning (potential for fecal incontinence and fecal urgency) with a restorative procedure.
In addition to traditional open or laparoscopic TME, various high volume centers with access to advanced technology are now using robotic assisted and transanal approaches, shown to be potentially advantageous in technically difficult low-lying lesions in certain situations, such as obese and male patients [43] .
Surgery alone
For well-selected, highly motivated individuals with very low-risk tumors (T1N0) without high-risk features, certain centers may offer local resection, commonly in the form of TEM. In expert hands with a full thickness excision and negative margins, this may be advantageous in terms of avoiding the significant morbidity of a pelvic dissection. However, local resection of rectal cancer is limited in its ability to assess loco-regional lymph nodes. Furthermore, there is a higher local recurrence rate but this is in the face of lower perioperative mortality, lower major postoperative complications, and the lower need for a permanent stoma [44] . When comparing techniques for local resection of rectal cancer, TEM is favored over traditional trans-anal excision as there are lower rates of specimen fragmentation and lower rates of recurrence with TEM. Furthermore, there are higher rates of negative margins [45] . TEM is also preferred over attempts at definitive resection via piecemeal polypectomy with colonoscopy. For those that remain pathologic T1N0, after TEM, with no high-risk histologic features, discussions at Multidisciplinary Tumor Boards should take place to discuss the role of adjuvant treatment, which in most cases is not recommended.
Neoadjuvant chemoradiation
Rectal cancers have a high rate of local recurrence because of the absence of a serosa, close proximity of the rectal wall to other pelvic show aT4aN2 tumor measuring 10 cm × 6 cm with the inferior edge extending through the levator into the ischiorectal fossa on the left, and the invading edge of the tumor involving the mesorectal fascia posteriorly with concern for extension beyond the mesorectal fascia superiorly and posteriorly. There were several suspicious mesorectal and external iliac lymph nodes present as well as extramural venous invasion. Due to the bulky nature of his primary tumor, he was dispositioned to neoadjuvant chemotherapy with four cycles of FOLFOX chemotherapy. Restaging MRI showed a nice response to chemotherapy, and he was then dispositioned to neoadjuvant chemoradiation. He received oral capecitabine twice daily on days he received radiation. Post-treatment sigmoidoscopy (e) showed that the inferior tumor edge was now 4 cm proximal to the anal verge, and post-treatment MRI (f, g, h) showed the tumor now measuring 5.5 × 3.9 cm with the degree of mesorectal fascial abutment significantly decreased. The pelvic adenopathy also decreased in size organs and the resultant difficulty obtaining wide surgical margins. To reduce the risk of local recurrence and the morbidity associated with salvage therapy after local recurrence, combined-modality therapy is recommended by the NCCN for patients with stage II (T3-4, node-negative) and stage III (node-positive) rectal cancer consisting of neoadjuvant CRT followed by surgical resection and then adjuvant chemotherapy with the total duration of perioperative therapy not to exceed 6 months 21. Although radiation can be delivered with increased precision and accuracy using modern techniques, the side effects of treatment are not negligible. Shortand long-term toxicity from CRT includes but is not limited to diarrhea, radiation enteritis, genitourinary dysfunction, and a small risk of secondary pelvic malignancies. Therefore, there is much interest in omitting radiation for a lower-risk subset of patients who many have sufficiently low local recurrence rates with surgery alone and for whom CRT may represent overtreatment. Patients with T3N0 disease who have preoperative circumferential resection margins >1 mm have been shown in recent series to have local control rates between 2.5-3.4% [46] . With careful evaluation of high-resolution MRI studies at diagnosis, patients can be better stratified and the decision as to whether or not to offer neoadjuvant CRT for patients with low-risk criteria by imaging can be better individualized 42. On the other end of the treatment spectrum, there is a group of higher-risk patients for whom neoadjuvant treatment intensification is desired. The concept of "Total Neoadjuvant Treatment" [47] entails 5-FU based doublet chemotherapy (mFOLFOX-6) being administered either before or after CRT with all treatment delivered prior to curative surgery (Fig. 5) . A potential benefit of this approach is treatment of micrometastatic disease in high-risk patients, potential improved pathologic complete response rates, as well as better tolerance and completion rates of chemotherapy [48] [49] [50] .
Although historic studies utilized postoperative CRT, [51, 52] preoperative therapy has been shown to be superior in terms of local control and less toxicity [53] [54] [55] . Adding concurrent chemotherapy to radiation further improves local control [56, 57] , as such the current standard of care is to administer either oral capecitabine or infusional 5-fluorouracil on days radiation is administered during standard long-course RT (45-50.4 Gray (Gy) in 25-28 daily fractions). (see Fig. 5 ) Of note, the chemotherapy is provided with the primary aim as a radiosensitizer-making the tumor cells more vulnerable to damage by radiotherapy. To limit severe GI toxicity but maintain efficacy, dosing of this 5-FU based IV or PO chemotherapy is typically 50-60% of the standard dose of adjuvant 5-FU monotherapy.
Although long-course RT (45-50.4 Gy in 25-28 daily fractions) is the most commonly used regimen in the United States, short course (sc) RT (25 Gy in 5 daily fractions) is another evidencedbased approach for neoadjuvant treatment [58] . Several European trials showed the local control (LC) benefit of radiation and surgery compared with surgery alone [59] [60] [61] [62] . Preoperative sc-RT also showed a LC benefit when compared with selective postoperative long-course CRT [63] . More recently, the TROG 01.04 randomized trial compared preoperative long-course CRT to preoperative sc-RT followed by postoperative chemotherapy and found that, for patients with T3N0-2M0 rectal adenocarcinoma, there was no difference in 3-year LC, OS, late toxicity rates or health-related quality of life [64, 65] .
Chemotherapy alone as neoadjuvant therapy
PROSPECT [66] , BACCHUS, [67] , and FORWARC [68] are three ongoing international prospective clinical trials, amongst others, that are investigating the use of chemotherapy alone in the neoadjuvant setting for rectal cancer. These studies are allowing for the selective avoidance of short and long-term morbidity from pelvic radiation with aims to determine a lack of detriment to long-term recurrence and survival.
Postoperative chemotherapy
Finally, despite the lack of definitive evidence [69] , the commonest practice worldwide is to offer at least 4 months of postoperative FOLFOX or other 5-FU based treatment following conventional long course chemoradiotherapy (CRT) and curative TME. Much of the survival data and treatment regimens are extrapolated from the colon cancer literature. Most guidelines recommend postoperative chemotherapy with the caveat from ESMO that if there is any benefit it likely is in terms of Disease Free Survival as opposed to OS.
CRT alone
Illustrative of the global uncertainty regarding the disparate curative treatment options is the ongoing work of Drs. Habr-Gama and Perez in Brazil who have reported long-term data supporting 
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Rectal cancer in 2018: A Primer for the Gastroenterologist organ preservation and the avoidance of definitive TME in highly selected patients after CRT alone. [70] This is currently in practice in an un-controlled fashion in select centers in North America and Europe but decision making and outcomes are largely driven by patient specific factors. It is most successful in a setting where very short interval regular endoscopic and clinical surveillance can be performed. This is an experimental approach and not ready for routine practice; no guideline bodies currently endorse this paradigm despite its increasing use.
The role of the gastroenterologist in follow-up and surveillance Endoscopic long-term surveillance and management of recurrence. After completion of all oncologic therapy, recommended surveillance includes follow-up clinic visits every 3-6 months for the first 2 years then every 6 months until 5 years posttreatment. History and physical examination with CEA levels are to be performed at every visit; CT of the chest, abdomen and pelvis every 6-12 months. Colonoscopy is recommended at 1 year and then after 3 years (i.e., 4 years after surgery or the first perioperative colonoscopy), and then after another 5 years (i.e., 9 years after surgery or perioperative colonoscopy) 37, [71] . Subsequent colonoscopies should occur at 5-year intervals. If neoplastic polyps are detected, the intervals between colonoscopies should be in accordance with the published guidelines for polyp surveillance intervals. For the selected patients with rectal cancer who do not undergo TME (those with localized cancers who received TEMS, or those who complete CRT but who decline definitive surgery) local surveillance with flexible sigmoidoscopy or ERUS every 3-6 months for the first 2-3 years is recommended.
The future cumulative incidence of metachronous (subsequent new) colorectal cancers is estimated to be between 0.3 and 0.35% per year. [72] If local recurrence is suspected at the anastomosis or in the pelvis, full restaging information should be obtained with physical and endoscopic examination with biopsy, CEA level and CT of the chest, abdomen, and pelvis to rule out concomitant distant disease. If local-only recurrence is confirmed, Fig. 5 Representative images of a radiation treatment plan for a patient diagnosed on screening colonoscopy with a T4aN2 adenocarcinoma of the proximal rectum. Due to the bulky nature of his primary tumor, he was dispositioned to neoadjuvant chemotherapy with four cycles of FOLFOX chemotherapy. Restaging MRI showed a nice response to chemotherapy, and he was then dispositioned to neoadjuvant chemoradiation. He received oral capecitabine twice daily on days he received radiation. He was treated to 45 Gray in 25 fractions using a three-field plan: a posterior-anterior field (a) a left lateral field (b) and a right lateral field (not shown). A sequential boost of an additional 5.4 Gy in three fractions was delivered to the tumor plus margin using right (c) and left (d) lateral fields. Representative axial (e) and sagittal (f) images of the isodose distributions are displayed. He tolerated treatment well and underwent a complete combined abdominoperineal proctectomy with colostomy 6 weeks after completion of chemoradation. His pathologic stage was ypT3N0. All margins were negative and only 30% of the tumor specimen contained viable cells. He then went on to receive a final four cycles of adjuvant 5-fluorouracil to complete his oncologic treatment multidisciplinary evaluation and management should be pursued, as discussed above.
Management of recurrent and/or metastatic disease. Resectable local recurrence is typically treated with standard preoperative CRT if the patient is radiation-naive. For patients who have been previously irradiated, hyperfractionated schedules are considered [73] . Surgical resection then occurs, with or without the use of intraoperative RT if there is concern for close or positive margins at the time of the operation. [74] Although historically, long-term survival rates for recurrent rectal cancer were <10% [75] , more recent series suggest that the 5-year survival rate approaches 50%, with long-term success rates associated with margin-negative reresections [76] . Local recurrence frequently is associated with major morbidity including distal bowel and urinary obstruction, severe pain and significantly diminished quality of life.
Likewise, the modern hepatic and thoracic surgical literature, ESMO, and NCCN all support the use of multidisciplinary evaluation and the use of multimodality therapy in the curative intent treatment of oligometastatic or recurrent distant disease in the lungs and/or liver.
conclusIons
Rectal cancer is a relatively common and considerably morbid and lethal solid tumor malignancy. Epidemiologic data predict an increase in the number of cases over the coming decades. Though death rates and local recurrence rates have been declining since the widespread adoption of the TME approach in the 1990s, careful diagnosis and appropriate staging remain the lynchpin in successful treatment planning and care for people with rectal cancers. It is incumbent on the referring endoscopist to understand the correct pathways in the workup and subsequent management of such patients. A complete and careful endoscopy and workup by the gastroenterologist is necessary to drive effective multidisciplinary management of curable rectal cancers.
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